The incidence and degree of hypoxaemia during induction of balanced anaesthesia and endotracheal intubation were studied prospectively in 80 healthy adults undergoing elective surgery randomly divided into four equal groups of 20. Group 1 was preoxygenatedfor three minutes. The other three groups were not preoxygenated. Groups / and 2 were ventilated with 100% oxygen, while Groups 3 and 4 were ventilated with 50% and 33% oxygen respectively. Anaesthesia was induced with thiopentone 3-5 mglkg and endotracheal intubation was done after ventilating for one minute with the chosen gas. Arterial desaturation was measured by pulse oximetry. In Groups /-3 there was a significant increase and in Group 4 a significant decrease in saturation from the preinduction value. The arterial oxygen saturation was similar in Groups 1 and 2. Two patients in Group 3 and four in Group 4 had hypoxaemia. This incidence wa~ not statistically significant. We conclude that ventilation with 100% oxygen for one minute prior to intubation and preoxygenation for three minutes are equally effective in preventing hypoxaemia during induction.
The frequent monitoring of arterial oxygen saturation by pulse oximetry in modern-day anaesthesia has brought unsuspected hypoxaemia during anaesthesia to prominence. The incidence of hypoxaemia during induction of anaesthesia in patients who were not preoxygenated and received 66070 N,O in oxygen has been quoted to be 60070. I Consequently, preoxygenation has been recommended even in ASA 1 patients undergoing elective surgery. 15 Thorpe et all have found that 87070 of the anaesthetists they surveyed did not preoxygenate their patients routinely. Since similar practices are followed in our country, we decided to study the incidence and degree of hypoxaemia during induction of balanced anaesthesia with and without preoxygenation.
METHODS
The approval of the Institute Ethical Committee was obtained for the study. After taking informed consent we studied 80 ASA 1 patients undergoing elective surgical procedures. The exclusion criteria followed were: a history of smoking, recent respiratory infection, obesity and anticipated difficult intubation. Patients were divided randomly into four equal groups. All were unpremedicated. Anaesthesia was induced in all patients with intravenous thiopentone 3-5 mg/kg. The selected anaesthetic gas was supplemented immediately after the loss of eyelash reflex using a Bain circuit and facemask. All patients were intubated after ventilating for one minute with the selected gas after administering suxamethonium 1-1.5 mg/kg. Group 1 was preoxygenated for three minutes before induction with 6 litres/min. oxygen. Group 2 was not preoxygenated. Both these groups were ventilated with 100070 oxygen after administration of suxamethonium. This was changed to 66070 N,O in oxygen immediately after intubation. Group 3 was not preoxygenated and was ventilated with 50070 N,O in oxygen prior to intubation. This was increased to 66070 immediately after intubation. Group 4 was also not preoxygenated and was ventilated both prior to and after intubation with 66070 N,O in oxygen.
A Mennen Medical Horizon 1100 monitor set in three-second updating mode was used with a finger probe to monitor arterial oxygen saturation by pulse oximetry (SpO,). Continuous observation and monitoring of oxygen saturation was started immediately on the patient's arrival in the operating theatre and continued until three minutes after intubation. The SpO, values used for analysis were the preinduction SpO, when the patient was breathing room air (SpO,R), the lowest SpO, from the injection of thiopentone to tracheal intubation (SpO,I) and the lowest SpO, during the three minutes after intubation (SpO,P). The anaesthetist was blinded to the SpO, values during induction. Hypoxaemia was prospectively defined as an SpO, of ~ 94070 6 for more than 20 seconds. It was classified as mild in the range of 91-94070, moderate in the range of 86-90070 and severe if ~ 85070. 7 If the SpO, fell below 94070 for more than 20 seconds, the observer registered the fact. If the fall was below 80070, the study was terminated and the patient ventilated with 100070 oxygen. The time taken for tracheal intubation from the cessation of mask ventilation to the resumption of IPPY was also noted.
The results were statistically analysed by analysis of variance for parametric data, and by Kruskal-Wallis, Mann-Whitneyor Chi-square tests for non parametric data.
RESULTS
There was no significant difference among the Groups as regards age, weight, sex ratio and the time taken for intubation ( Table 1 ). The SpO,R was comparable in all groups. No patient had a SpO,R of less than 95070 (Table 2) . The SpO,! in Group 4 was significantly lower than in either Group I or 2 (P < 0.001). The SpO,I in Group 3 was also significantly lower than in Group I (P < 0.005) or 2 (P < 0.001).
In Group 1, the SpO,I and SpO,P were significantly greater than the SpO,R (P < 0.05 and P < 0.001). In Group 2 also the SpO,I and SpO,P were significantly greater than the SpO,R (P < 0.001). In Group 3 the SpO,P was significantly greater than both the SpO,I 
DISCUSSION
Arterial desaturation during induction is a welldocumented phenomenon. The factors responsible for this include a decrease in the functional residual capacity, respiratory depression, decreased cardiac output, ventilation-per fusion mismatch and, possibly, airway obstruction. Pulse oximetry as a continuous noninvasive method of monitoring arterial saturation plays an important part in detecting this. Pulse oximeters have an average of 1.5 to 2.5070 measurement error. 8 The Horizon 1100 monitor incorporates an Anaesfhesia and !nfens;-ve Care, Vol. 21, No. 6, December, 1993 Ohmeda 3700 pulse oximeter with a measurement error of 1.5070. It has a bias of -2.2070" The statistical analysis was performed taking this bias and precision into account.
Valid conclusions regarding the incidence and degree of hypoxaemia during induction cannot be drawn from earlier studies like those of Dillon and Darcie, 10 who administered intravenous pethidine prior to thiopentone, or of Drummond and Park; 1 who did not administer any anaesthetic gases during the apnoea produced after suxamethonium.
Thorpe and Gauntlett 1 found a 60070 incidence of hypoxaemia (SpO, :5 90070) during induction of mask anaesthesia in patients administered 66070 N,O in oxygen with volatile agent throughout. Kung et al. 5 studied premedicated patients and found an incidence of hypoxaemia of 42070 in nonpreoxygenated patients, while there was none in patients preoxygenated for three minutes. Both Thorpe and Gauntlett, and Kung et aI., have advocated some form of preoxygenation for all patients receiving general anaesthesia.
In our study the SpO,I was not significantly different from the SpO,R, even when no preoxygenation was performed, and either 33070 or 50070 oxygen was used for ventilation during the suxamethonium apnoea. However, there was a 20070 incidence of hypoxaemia (SpO, :5 94070) when 33070 oxygen was used and a lO07o incidence when 50070 was used as against a zero incidence when some form of preoxygenation was performed. There was no significant difference in the SpO,I or incidence of hypoxaemia between patients preoxygenated for three minutes and those who were only ventilated with lOO 070 oxygen during suxamethonium apnoea.
While all the other studies quoted here have defined hypoxaemia as a SpO, :5 90070, Gupta et al. 4 recommended regarding Sp02 ::; 94070 as hypoxaemia. We have adopted a stricter definition of hypoxaemia. Despite this, the incidence of hypoxaemia in our study (20070) differs markedly from Thorpe and Gauntlett I (60070), Skea et al. 3 (61.9070) and Kung et al.' (42070) . While Thorpe and Gauntlett did not ventilate their patients, Kung et al. assisted ventilation if apnoea was prolonged beyond 20 seconds. Both studies were continued with inhalational anaesthesia. As marked arterial desaturation can occur during thiopentone apnoea, this may have contributed to the higher incidence of hypoxaemia. Neither study investigated the effect of preoxygenation and ventilation with different concentrations of N,O in oxygen during suxamethonium apnoea, which is the routine anaesthetic practice in patients undergoing balanced anaesthesia. We, too, have seen a few episodes of decrease in arterial saturation following the administration of thiopentone, but these were usually minor (a decrease of about 2-3070) and the SpO, recovered within lO-15 seconds as we started assisting the ventilation after the loss of the eyelash reflex and continued with IPPV for one minute after the administration of suxamethonium.
Though there was no significant fall in SpO, during induction in any of the groups, there was a 15070 (6/40) incidence of hypoxaemia among the patients receiving < 100070 oxygen after thiopentone compared with none in the two groups ventilated with lO007o oxygen. Partial denitrogenation of the functional residual capacity during manual ventilation with oxygen may explain this phenomenon. Ventilation with lO007o oxygen during suxamethonium apnoea avoids the problems with routine preoxygenation: lack of patient acceptance and provoking of anxiety. Preoxygenation, however, still is a useful technique in patients with low preinduction SpO, or in whom difficult intubation is anticipated or when a teaching intubation is being performed or an inexperienced anaesthetist is intubating. In all other instances, we suggest that ventilation with lO007o oxygen for one minute after induction may be considered an alternative as it is equally effective in preventing hypoxaemia during induction as preoxygenation for three minutes.
